Introduction {#S5}
============

Previous research has focused on associations among total fat intake, body weight, body mass index (BMI), and weight loss, yet the contributions of different types of fat to BMI remain unclear. Total dietary fat intake does not account for the high levels of obesity found at the population level---as the percentage of energy from dietary fat declined at the end of the 20^th^ century, obesity prevalence rose in the United States;([@R1]) and there is evidence that different types of fat affect body weight differently. While increases in dietary consumption of animal fat, saturated fat, and *trans* fat have been positively associated with weight gain,([@R2]) there is also evidence that certain fats and fatty acids have beneficial effects on body weight and BMI.([@R3],[@R4]) Of these, the polyunsaturated fatty acids (PUFA) and their two families, omega-3 (n-3) and omega-6 (n-6) fatty acids have garnered particular attention.

Higher intakes of long-chain n-3 PUFAs are well-recognized for their cardiovascular-related benefits.([@R3]) Their potential implications in body weight are less well characterized; however, fish oil, which is high in docosahexaenoic acid (DHA, 22:6 n-3) and eicosapentaenoic acid (EPA, 20:5 n-3), has been associated with reduced body fat mass and increased lipid utilization in healthy adults.([@R5])

In contrast to the n-3 PUFAs, greater intake of n-6 fatty acids or a high ratio of dietary n-6 to n-3 fatty acids may be responsible for an increase in development of adipose tissue during early stages of life.([@R6],[@R7]) A balance between n-3 and n-6 fatty acids may be essential for weight management, and imbalances may promote weight gain.

Apart from the n-6 and n-3 PUFAs, saturated fat and *trans* fatty acids may be associated with weight gain and increased abdominal adiposity, as found in animal and human studies.([@R8],[@R9]) Percentage of calories from animal fat, saturated fat, and *trans* fat has been associated with weight gain over time;([@R2]) and high levels of *trans* fatty acids in adipose tissue were associated with adult weight gain;([@R10]) however, epidemiologic evidence remains inconsistent.([@R2])

The purpose of this study is to examine whether selected phospholipid plasma *cis* and *trans* unsaturated fatty acids are associated with baseline BMI and with subsequent changes in BMI over time using data from the Multi-Ethnic Study of Atherosclerosis (MESA). We hypothesize that higher baseline phospholipid n-3 PUFA will be associated with lower baseline BMI and with smaller increases in BMI over time, and that the opposite will be true for plasma n-6 and *trans* fatty acids. We further examine whether phospholipid n-6 or *trans* fatty acids modify the association between n-3 and BMI and hypothesize that inverse associations between plasma n-3 and BMI at baseline and changes in BMI over time will be stronger among participants with lower levels of phospholipid n-6 and *trans* fatty acids than among those with higher values.

Methods {#S6}
=======

Study Population {#S7}
----------------

MESA is a prospective cohort study designed to investigate the prevalence, correlates, and progression of subclinical cardiovascular disease (CVD) in a diverse, population-based sample of 6 814 adults ages 45-84 years at baseline (2000-2002). It has previously been described in detail.([@R11]) Individuals without clinical evidence of CVD were recruited from six communities throughout the United States (Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA; New York, NY; and St. Paul, MN). All participants self-reported their race/ethnicity as White; Black or African-American; Chinese; or Spanish, Hispanic, or Latino using questions based on the 2000 U.S. Census questionnaire. All participants gave informed consent, and the Institutional Review Boards at all six sites approved this research. Overall, 6 573 participants were included in the baseline analyses after excluding 241 participants missing phospholipid fatty acids measurements and an additional 330 missing diet, activity, or smoking information.

### Measurements {#S8}

Baseline questionnaires included items on age, sex, race/ethnicity, education, and lifestyle factors including diet and physical activity. Dietary intake was measured using a 120-item validated food frequency questionnaire (FFQ) covering usual consumption in the previous year and including foods commonly eaten in Latino and Asian populations.([@R12]--[@R14])

Diet was summarized using the Healthy Eating Index (HEI), a summary dietary quality score developed by the US Department of Agriculture in 2005 that includes 12 diet components.([@R15]) The HEI ranges from 0--100, with higher scores denoting better diet quality. Self-reported physical activity information was collected with a 28-item survey asking participants about the frequency, duration, and intensity of their participation in a variety of activity categories (e.g., work, walking, sports) during a typical week in the past month.([@R16]) Fasting blood was drawn and participant height and weight were measured using standardized procedures during the baseline exam.([@R11]) Serum and EDTA-anticoagulant tubes were collected and processed using a standardized protocol.([@R11])

### Phospholipid Fatty Acid Profile {#S9}

A venous blood sample was obtained at baseline and stored as EDTA plasma at -70C until chemical analysis. Phospholipid ALA, EPA, DHA, and DPA n-3 fatty acids; linoleic, gamma-linolenic, dihomo gamma-linolenic, and arachidonic n-6 fatty acids; and 16:1, 18:1 and 18:2 *trans* fatty acids were measured using methodology described by Cao et al.([@R17]) Lipids were extracted from plasma using a mixture of chloroform and methanol. Cholesterol esters, triglycerides, phospholipids, and free fatty acids were separated by thin layer chromatography. Fatty acids from the phospholipid fraction were separated and derivatized to methyl esters and detected by gas chromatography flame ionization. Phospholipid fatty acids were measured in two batches, in February of 2009 and October of 2013, and are presented as a percent of total plasma phospholipid fatty acids. Fatty acids of interest included alpha-linolenic (ALA; 18:3 n-3), eicosapantaenoic (EPA; 20:5 n-3), docosahexaenoic (DHA; 22:6 n-3), and docosapentaenoic (DPA; 22:5 n-3) n-3 fatty acids; linoleic (18:2 n-6), gamma linolenic (18:3 n-6), dihomo gamma-linolenic (20:3 n-6), and arachidonic (20:4 n-6) n-6 fatty acids; and 16:1, 18:1 and 18:2 *trans* fatty acids. The following representative CVs were obtained (n=20): linoleic acid, 2.6%; ALA, 2.4%; arachidonic acid, 2.4%; EPA, 3.3%; DPA, 2.9%; and DHA, 2.7%.

### Statistical Analysis {#S10}

All analyses were conducted using SAS 9.3 (SAS Institute, Inc., Cary, NC). We estimated associations between plasma phospholipid fatty acids measured at baseline and both baseline BMI and BMI change over time. In addition to total n-3, n-6, and trans fatty acids, we also present results for EPA+DHA and ALA n-3 and linoleic and arachidonic n-6 fatty acids.

When used as the exposure of interest, fatty acid values were divided into quartiles. Fatty acid distributions were checked and all were normal. Many had long, but continuous, tails, and extreme fatty acid values were not found to be influential in sensitivity analyses excluding outliers more than three times the inter-quartile range (IQR) from either end of the IQR. Correlation between individual types of n-3 and n-6 fatty acids and *trans* fatty acids was modest (all pairwise correlations \<\|0.40\|). BMI was calculated by dividing weight in kilograms by the square of height in meters (kg/m^2^).

Generalized linear models were fit between fatty acid quartiles and means of baseline BMI. Average annual change in BMI was calculated using longitudinal linear mixed models including random individual intercepts and time slopes and controlling for baseline BMI and years since baseline. Resulting estimates were multiplied by 10 and average estimated 10-year BMI change is presented to approximate the time elapsed between exams 1 and 5. This allowed for the estimation of change in BMI throughout MESA follow-up for all participants with at least two BMI measurements and did not require an Exam 5 visit. These models provide unbiased estimates of linear parameters in the presence of uncorrelated errors between observations with valid estimates of significance levels when errors are normally distributed.([@R18]) Visual inspection of residual plots suggested that residuals for all models were approximately normally distributed.

Adjusted baseline BMI and BMI change models include the following covariates: age; age squared; sex, race/ethnicity; education; MESA study site; phospholipid fatty acid batch; smoking status; METs (metabolic equivalents, or an estimate of the intensity of physical activity relative to sitting quietly([@R19])) per day of intentional physical activity including walking, conditioning, dance, and individual or team sports; and HEI scores. Covariates were measured at baseline and are included in the models using the categories presented in [Table 1](#T1){ref-type="table"}, except for age, age squared, and HEI quintiles which were modeled continuously, with age centered on its mean of 62. All covariates in the BMI change models were also interacted with time since baseline.

Estimated reference values are presented for quartile 1 for models of both baseline BMI and estimated 10-year BMI change. For baseline BMI models this estimated value represents the model intercept and for BMI change models this value represents the mean 10-year BMI change among participants with fatty acid values in Q1 for models specified centering all continuous variables at the mean and specifying the first category in [Table 1](#T1){ref-type="table"} for all categorical variables. Estimates of baseline BMI and BMI change values for quartiles 2-4 should be added to these reference values to estimate the mean baseline BMI and BMI change values in those quartiles.

Additional models are presented further controlling for total amounts of the fatty acids other than the fatty acid category of interest (total and specific n-3 models control for total n-6 and trans fatty acids; total and specific n-6 models control for total n-3 and trans fatty acids, and trans fatty acids models control for total n-3 and n-6). P-values for trend were estimated using type 3 tests of fixed effects. We examined differences in changes in BMI over time by baseline fatty acid quartile using product terms between the fatty acid quartile indicators and years since baseline. In sensitivity analyses we further included energy in kilocalories/day to the fully-adjusted models. This resulted in the exclusion of an additional 249 participants due to missing energy values and did not importantly change our findings (the largest difference in estimated BMI was 0.12 kg/m/^2^; however, most estimates were within 0.05 in either direction). Energy intake was not included in our final models; however, results of these sensitivity analyses are presented in [Supplementary Table 1](#SD1){ref-type="supplementary-material"}.

Interaction between n-3 and n-6 values was assessed by fitting baseline BMI and BMI change models including an interaction term between quartiles of n-3 and n-6 split at the median and reporting the P-value associated with the interaction parameter. The same methodology was used to test for interaction between n-3 *trans* fatty acids. We chose to split n-6 and *trans* fatty acids at the median, rather than in quartiles, for ease of interpretation of the interaction results.

Results {#S11}
=======

Average baseline BMI and change in BMI by demographic and health characteristics are shown in [Table 1](#T1){ref-type="table"}. Average BMI was 28.3 (95% CI: 28.2, 28.5) kg/m^2^ at baseline, and BMI increased by an average of 0.15 (95% CI: 0.08, 0.29) kg/m^2^ through Exam 5. BMIs were highest in participants younger than 65 at baseline, and BMI increased among participants under age 65 at baseline while it decreased among those 65 and older. Baseline BMI was higher in women (28.7, 95% CI: 28.6-28.9) than men 27.9 (95% CI: 27.7-28.1), and both experienced small increases in BMI through Exam 5. Black participants had the highest average BMI at baseline. BMI remained constant for black and Chinese-American participants and increased among white and Hispanic participants. Baseline BMI was lower in Los Angeles (27.1) and Chicago (26.7) than in the other sites (28.8-29.5) but increased only in New York and St. Paul. College graduates had a lower average baseline BMI (27.5) than those with lower levels of education (28.5-28.9), but higher education was associated with BMI increases over time. Never and current smokers had lower baseline BMIs than former smokers but experienced BMI increases over time, particularly current smokers. Baseline BMI was highest among participants reporting the lowest levels of intentional physical activity; however, BMI increased among participants in the second and third tertiles of activity levels. HEI scores were inversely associated with baseline BMI and BMI changes over time.

[Table 2](#T2){ref-type="table"} gives baseline BMI and average annual change in BMI by quartile of total and specific forms of n-3 and n-6 fatty acids, and by total *trans* fatty acids. Phospholipid n-3 fatty acid levels were inversely associated with baseline BMI (*P*~trend~ \<0.001) and baseline BMI was 1.07 (95% CI: 0.66, 1.48) kg/m^2^ lower among participants with total n-3 values in the highest versus the lowest quartiles in partially-adjusted models, and 1.14 kg/m^2^ (95% CI: 0.71, 1.57) after adjusting for total n-6 and *trans* fatty acids. This association was particularly strong for alpha linolenic acid, where baseline BMI was 1.47 (95% CI: 1.11, 1.82) kg/m^2^ lower in the highest versus lowest quartiles, and less strong for phospholipid EPA+DHA, where BMI was 0.90 (95% CI: 0.46, 1.33) kg/m^2^ lower among participants in the highest compared with the lowest quartile in fully-adjusted models.

Baseline levels of phospholipid n-3 fatty acids were not associated with changes in BMI over time.

Baseline BMI was 0.42-0.58 kg/m^2^ higher among participants with phospholipid n-6 fatty acids in the highest quartiles relative to those with the lowest n-6 values in partially-adjusted models (P~trend~\<0.008); however, this association was no longer significant after controlling for total n-3 and *trans* fatty acids. Arachidonic acid levels were positively associated with baseline BMI (*P*~trend~ =0.048) in partially-adjusted models and marginally associated in fully-adjusted models (P=0.056). Linoleic acid levels were inversely associated with baseline BMI (*P*~trend~ \<0.001) in models with and without control for n-3 and *trans* fatty acids.

Total phospholipid n-6 was positively associated with increased BMI over time (*P*~trend~ =0.038) such that BMI increased by 0.35 kg/m^2^ more among participants with total n-6 levels in the highest quartile compared with the lowest in partially-adjusted models. This difference attenuated to 0.32 kg/m^2^ in fully-adjusted models (*P*~trend~=0.085). Neither linoleic nor arachidonic acid were associated with change in BMI.

Although trans fatty acid levels appeared positively associated with BMI at baseline (*P*~trend~=0.001 for partially- and fully-adjusted models), results were inconsistent. Baseline BMI was 0.46-0.56 kg/m^2^ higher among participants whose phospholipid *trans* fatty acids levels were in the middle quartiles compared with the first in partially-adjusted models, but only the third quartile was different from the first in fully-adjusted models. Phospholipid *trans* fatty acid values were not associated with changes in BMI over time.

[Figure 1](#F1){ref-type="fig"} presents results of analyses of quartiles of total phospholipid n-3 and baseline BMI, stratified by phospholipid n-6 (above vs. below the median). No effect modification was observed, and phospholipid n-3 was inversely associated with baseline BMI at phospholipid n-6 values below (*P*~trend~\<0.001) and marginally associated above (*P*~trend~=0.073) the median (*P*~interaction~=0.72). Total n-3 levels were not associated with BMI change among participants with total n-6 levels above (*P*~trend~=0.72) or below (*P*~trend~=0.13) the median, and no effect modification was observed (*P*~interaction~=0.34) (data not shown in the figure).

[Figure 2](#F2){ref-type="fig"} presents the association between quartiles of phospholipid n-3 and baseline BMI, stratified by total *trans* fatty acids above versus below the median. Total n-3 levels were inversely associated with baseline BMI both above (*P*~trend~=0.025) and below (*P*~trend~\<0.001) the median; however, no effect modification was observed (*P*~interaction~=0.28).

No effect modification was observed in the association between total n-3 fatty acids and change in BMI by total *trans* fatty acids (*P*~interaction~=0.35), and n-3 was not associated with change in BMI at trans fatty acid levels above (*P*~trend~=0.71) or below (*P*~trend~=0.12) the median (data not shown).

Discussion {#S12}
==========

Our results suggest that specific phospholipid fatty acid levels are differentially associated with BMI values at baseline, but not with subsequent changes in BMI over time. Higher n-3 concentrations were associated with lower baseline BMI overall, and this association was evident for both EPA+DHA and for ALA; however, in stratified analyses, this association was only marginally significant at n-6 levels above the median. Higher levels of total n-6 fatty acids were associated with higher baseline BMI and positively associated with BMI change over time in partially- but not fully-adjusted models. The inverse association observed between phospholipid n-3 and baseline BMI was evident at n-6 and *trans* fatty acid values both above and below the median. No clear association was observed between *trans*-fatty acids and baseline BMI or BMI changes.

Previous work has suggested an inverse association exists between n-3 PUFA and cardiovascular risk,([@R1],[@R24]) including in MESA,([@R21]) but less is known about the association between n-3 PUFA and BMI or obesity. Our findings are consistent with previous animal and limited human studies that have demonstrated inverse associations between n-3 fatty acids and body weight or body fat. In animal studies, higher consumption of long-chain n-3 fatty acids reduced body fat among obese rodents and has been protective against obesity in the presence of an obesogenic diet.([@R22]) Inclusion of ALA (18:3 n-3) in a diet rich in linoleic acid (18:2 n-6) was associated with lower body weight in both mice ([@R23]) and normal term human infants, although in this latter study differences in dietary fatty acid composition did not cause significant differences in skinfold thickness.([@R24])

Our finding of small but statistically significant inverse associations between phospholipid n-3 PUFA and EPA+DHA levels with BMI is consistent with the results of a 2014 systematic review and meta-analysis of randomized controlled trials that reported small reductions in body weight, BMI, and percent body fat in participants taking fish or fish oil supplements compared with controls.([@R25]) In a cross-sectional study of Australian adults, plasma concentrations of n-3 PUFA, particularly EPA and DHA, were inversely associated with BMI and waist and hip circumferences; however, this study included a relatively small sample (N=124), and did not address potential confounding factors including race/ethnicity.([@R26]) By comparison, in our results controlling for several demographic characteristics and health behaviors, the average BMI among participants in the highest quartile of total phospholipid n-3 was 1.14 (95% CI: 0.71, 1.57) kg/m^2^ lower at baseline compared with participants with phospholipid n-3 values in the lowest quartile.

Several mechanisms have been proposed for the association between n-3 PUFA and favorable associations with body composition. Higher n-3 consumption may be associated with higher overall diet quality and may impact appetite control and satiety. High levels of dietary long-chain n-3 PUFA have been found to modulate satiety in overweight and obese individuals during weight loss.([@R27]) Fatty acids may also interact with neuroendocrine factors such as leptin, ghrelin, and insulin to modulate brain-intestinal loop signals for energy metabolism and appetite control.([@R26]) Higher levels of n-3 PUFA may increase basal fat oxidation, leading to reduced fat mass,([@R5],[@R28]) and have been found to regulate lipid metabolism through inflammation mediators.([@R29])

We found that higher phospholipid n-6 values were positively associated with baseline BMI and with BMI changes over time in partially-, but not fully-adjusted models. These results are consistent to some extent with previous human and animal studies. In mice, increasing the n-6 PUFA (linoleic acid) proportion in diets from 1% to 8% to reflect changes in diets found in the United States during the 20^th^ century resulted in increased food intake, feed efficiency, and adiposity.([@R30]) Studies in humans suggest that maternal n-6 concentrations, particularly dihomo gamma-linolenic acid, during gestation may be positively associated with children\'s BMI at age 7,([@R31]) and that higher n-6 fatty acid intake and a higher n-6:n-3 ratio are associated with increases in adipose tissue development during early stages of life.([@R6],[@R7],[@R32]).

Both human and animal studies suggest that long-term intake of *trans* fatty acids may be associated with weight gain and increased abdominal adiposity.([@R2],[@R8],[@R9]) High levels of *trans* fatty acids in adipose tissue have been associated with adult weight gain.([@R10]) Epidemiologic evidence remains inconsistent; however, percent of calories from animal, saturated, and *trans* fats has been associated with weight gain over time.([@R2]) In our results, BMI was 0.39 kg/m^2^ higher in participants in the third quartile of phospholipid *trans* fatty acids compared with the lowest; however, there was no significant difference in BMI between the highest and lowest quartiles, and *trans* fatty acids were not associated with changes in BMI over time.

It should be noted that the follow-up of MESA participants coincided with increasing public awareness of potential negative health consequences of consumption of *trans* fats, including increased cardiovascular disease risk. This included a 2003 regulation released by the Food and Drug Administration requiring manufacturers to list *trans* fats on nutrition labels ([@R33]) and a 2007 policy statement by the American Public Health Association recommending labeling of *trans* fats on all commercial food products and a ban on and monitoring of *trans* fat use in restaurants.([@R34]) Evidence suggests that *trans* fat intake has declined significantly over the past several years,([@R35]) and baseline levels may not accurately reflect MESA participants\' intake throughout follow-up. This would limit our ability to detect an association between baseline phospholipid *trans* fatty acids and changes in BMI over time.

This study features several important strengths, including the use of a large, multi-ethnic cohort with longitudinal follow-up of several thousand participants over several years, which allowed for the examination of the association between several specific phospholipid fatty acids and BMI at baseline and BMI changes over time. Using plasma phospholipid values avoids the limitations of estimating dietary fatty acid intake from self-reported measures such as food frequency questionnaires, although fatty acid metabolism likely differs between people and plasma levels are not an exact substitute for dietary intake. Plasma levels also do not differentiate dietary from supplemental intake of fatty acids; however, plasma phospholipid levels of the major n-6, n-3 and trans fatty acids are useful biomarkers of their dietary intakes.([@R36],[@R37]) Using BMI values measured by study staff at repeated clinic visits avoids potential bias associated with the use of self-reported height and weight measures. Detailed baseline questionnaires allowed for the control of several demographic characteristics and health behaviors.

Our results should be considered in the context of potential limitations. Although BMI was calculated based on repeated measures of height and weight, phospholipid data were only available at baseline and our results do not reflect any changes in phospholipid fatty acid distribution throughout follow-up. Further, because individual fatty acid values are measured as a percent of total fatty acids, higher values for one fatty acid implies lower values of others and we are not able to estimate associations between absolute fatty acid values and BMI. Although BMI is a reasonable measure of body fatness at a population level, it does not accurately capture individual body composition, such as lean mass, visceral fat, or excess body fatness. The large sample size allowed for adjustment for several potential confounding factors, including diet quality and physical activity; however, the possibility of residual confounding cannot be ruled out.

Although our results require further confirmation in other longitudinal studies and do not distinguish body metabolism from food and supplemental intake, they suggest that total and specific phospholipid n-3 PUFA are inversely associated with BMI in cross-sectional analyses, as is linoleic acid. In contrast, associations tended to be positive for total n-6 fatty acids, arachidonic acid, and trans fatty acids. Total n-6 fatty acids were marginally positively associated with increases in BMI over time; however, no significant associations between fatty acid levels and BMI changes over time were observed.
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![Baseline BMI by quartile of total n-3 phospholipid fatty acids, stratified by total phospholipid n-6 fatty acids\
Abbreviations: ALA = alpha-linolenic acid BMI = body mass index (kg/m^2^), CI = confidence interval, DHA = docosahexaenoic acid, EPA = eicosapentaenoic acid, MESA = Multi-Ethnic Study of Atherosclerosis.\
Figures include observations from 6,243 participants (3,123 below and 3,120 above median n-6). All plasma phospholipid values were collected at baseline and represent percent of total plasma phospholipid fatty acids. Total n-3 plasma phospholipid fatty acids include EPA, DHA, docosapentaenoic, and ALA fatty acids. Total n-6 plasma phospholipid fatty acids include linoleic, gamma-linolenic, dihomo gamma-linolenic and arachidonic fatty acids, split at the median of 35.8%.\
Generalized linear models were fit between fatty acid quartiles and means of baseline BMI. Models include the following covariates: age, age squared, sex, race/ethnicity, education, MESA study site, and phospholipid fatty acid batch, smoking status, physical activity, Healthy Eating Index scores, and total plasma phospholipid *trans* fatty acids.](nihms917061f1){#F1}

![Average 10-year change in BMI by quartile of total n-3 phospholipid fatty acids, stratified by total phospholipid n-6 fatty acids\
Abbreviations: ALA = alpha-linolenic acid BMI = body mass index (kg/m^2^), CI = confidence interval, DHA = docosahexaenoic acid, EPA = eicosapentaenoic acid, MESA = Multi-Ethnic Study of Atherosclerosis.\
Figures include observations from 6,243 participants (3,123 below and 3,120 above median n-6). All plasma phospholipid values were collected at baseline and represent percent of total plasma phospholipid fatty acids. Total n-3 plasma phospholipid fatty acids include EPA, DHA, docosapentaenoic, and ALA fatty acids. Total n-6 plasma phospholipid fatty acids include linoleic, gamma-linolenic, dihomo gamma-linolenic and arachidonic fatty acids, split at the median of 35.8%.\
Generalized linear models were fit between fatty acid quartiles and means of baseline BMI. Average annual change in BMI was calculated using longitudinal linear mixed models including random individual intercepts and time slopes and controlling for baseline. Resulting estimates were multiplied by 10 to estimate 10-year change in BMI. Models include the following covariates: age, age squared, sex, race/ethnicity, education, MESA study site, and phospholipid fatty acid batch, smoking status, physical activity, Healthy Eating Index scores, and total plasma phospholipid *trans* fatty acids.](nihms917061f2){#F2}

###### Baseline body mass index (BMI) and change in BMI by baseline characteristics

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                                        N (%)           Exam 1 BMI\         Change in BMI\
                                                                                                                        N=6 573\            (Exam 5 -- Exam 1)\
                                                                                                                        Mean (95% CI)       N=4 491\
                                                                                                                                            Mean (95% CI)
  ----------------------------------------------------------------------------------------------------- --------------- ------------------- ----------------------
  Total                                                                                                 6 573 (100.0)   28.3 (28.2, 28.5)   0.15 (0.08, 0.29)

  Age                                                                                                                                       

   44-54                                                                                                1 884 (28.7)    28.7 (28.5, 29.0)   0.69 (0.56, 0.81)

   55-64                                                                                                1 834 (27.9)    28.8 (28.5, 29.0)   0.25 (0.12, 0.38)

   65-74                                                                                                1 935 (29.4)    28.1 (27.9, 28.4)   -0.26 (-0.40, -0.12)

   75-84                                                                                                920 (14.0)      27.1 (26.7, 27.4)   -1.18 (-1.43, -0.92)

  Sex                                                                                                                                       

   Female                                                                                               3 474 (52.9)    28.7 (28.6, 28.9)   0.11 (0.00, 0.21)

   Male                                                                                                 3 099 (47.2)    27.9 (27.7, 28.1)   0.18 (0.07, 0.29)

  Race                                                                                                                                      

   White                                                                                                2 533 (38.5)    27.7 (27.5, 27.9)   0.24 (0.12, 0.36)

   Chinese American                                                                                     793 (12.1)      24.0 (23.6, 24.3)   0.03 (-0.18, 0.25)

   Black                                                                                                1 802 (27.4)    30.2 (30.0, 30.5)   -0.07 (-0.22, 0.08)

   Hispanic                                                                                             1 445 (22.0)    29.5 (29.2, 29.7)   0.25 (0.09, 0.41)

  Site                                                                                                                                      

   Forsyth County                                                                                       1 036 (15.8)    28.9 (28.5, 29.2)   0.13 (-0.06, 0.31)

   New York                                                                                             1 055 (16.1)    29.0 (28.7, 29.3)   0.22 (0.04, 0.41)

   Baltimore                                                                                            1 021 (15.5)    29.4 (29.1, 29.7)   0.06 (-0.14, 0.27)

   St. Paul                                                                                             1 040 (15.8)    29.5 (29.1, 29.8)   0.20 (0.01, 0.38)

   Chicago                                                                                              1 138 (17.3)    26.7 (26.4, 27.0)   0.05 (-0.12, 0.22)

   Los Angeles                                                                                          1 283 (19.5)    27.0 (26.7, 27.3)   0.17 (-0.02, 0.35)

  Plasma phospholipid batch                                                                                                                 

   First                                                                                                2 856 (43.5)    27.9 (27.7, 28.1)   0.21 (0.09, 0.32)

   Second                                                                                               3 717 (56.6)    28.7 (28.5, 28.9)   0.09 (-0.01, 0.19)

  Education                                                                                                                                 

   Less than high school                                                                                1 186 (18.1)    28.5 (28.2, 28.8)   0.02 (-0.18, 0.21)

   High school/GED                                                                                      1 195 (18.2)    28.9 (28.6, 29.2)   0.09 (-0.09, 0.27)

   Some college                                                                                         1 861 (28.4)    28.9 (28.6, 29.1)   0.18 (0.04, 0.32)

   College graduate                                                                                     2 309 (35.3)    27.5 (27.3, 27.7)   0.19 (0.07, 0.31)

  Smoking status                                                                                                                            

   Never                                                                                                3 296 (50.3)    28.1 (27.9, 28.3)   0.12 (0.01, 0.22)

   Former                                                                                               2 398 (36.6)    28.8 (28.6, 29.0)   0.00 (-0.12, 0.13)

   Current                                                                                              858 (13.1)      28.0 (27.7, 28.4)   0.66 (0.45, 0.87)

  Physical activity (MET hours of moderate/vigorous activity per week)[a](#TFN3){ref-type="table-fn"}                                       

   Tertile 1 (0-6.1)                                                                                    2 187 (33.4)    28.4 (28.1, 28.6)   -0.13 (-0.26, 0.01)

   Tertile 2 (6.1-14.4)                                                                                 2 179 (33.2)    28.1 (27.8, 28.3)   0.17 (0.05, 0.30)

   Tertile 3 (14.5-246.0)                                                                               2 189 (33.4)    28.5 (28.3, 28.8)   0.36 (0.23, 0.48)

  Healthy Eating Index [a](#TFN3){ref-type="table-fn"}                                                                                      

   Quintile 1 (23.6-55.3)                                                                               1 252 (20.0)    29.0 (28.7, 29.3)   0.20 (0.02, 0.37)

   Quintile 2 (55.3-61.8)                                                                               1 250 (20.0)    29.0 (28.7, 29.3)   0.30 (0.13, 0.48)

   Quintile 3 (61.8-66.6)                                                                               1 254 (20.0)    28.4 (28.2, 28.7)   0.21 (0.04, 0.39)

   Quintile 4 (66.6-71.7)                                                                               1 252 (20.0)    27.9 (27.6, 28.2)   0.15 (-0.02, 0.32)

   Quintile 5 (71.7-89.2)                                                                               1 251 (20.0)    27.3 (27.0, 27.6)   -0.09 (-0.25, 0.07)
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------

Percents may not add up to 100 due to rounding.

Abbreviations: BMI = body mass index, GED = general educational development, MET = metabolic equivalent

Numbers presented in parentheses represent the range for each category.

###### Baseline body mass index (BMI) and BMI change by quartile of plasma phospholipid total, EPA+DHA, and ALA n-3 fatty acids; total, linoleic, and arachidonic n-6 fatty acids; and total *trans*-fatty acids

                                                              Partially-Adjusted Models[a](#TFN5){ref-type="table-fn"}   Fully-Adjusted Models[b](#TFN6){ref-type="table-fn"}                                                        
  ----------------------------------------------------------- ---------------------------------------------------------- ------------------------------------------------------ ------- ------------- ------- -------------- ------- -------------
  **Total n-3**[e](#TFN9){ref-type="table-fn"}                                                                                                                                                                                       
   Quartile 1 (1.26-4.33)[f](#TFN10){ref-type="table-fn"}     29.30                                                      28.51, 30.09                                           0.55    0.06, 1.05    29.07   28.14, 30.01   0.22    -0.36, 0.80
                                                                                                                                                                                                                                     
   Quartile 2 (4.33-5.34)                                     -0.12                                                      -0.47, 0.24                                            0.02    -0.20, 0.24   -0.19   -0.55, 0.17    0.01    -0.21, 0.23
   Quartile 3 (5.34-6. 80)                                    -0.35                                                      -0.72, 0.03                                            0.13    -0.10, 036    -0.44   -0.83, -0.06   0.15    -0.09, 0.39
   Quartile 4 (6.81-23.61)                                    -1.07                                                      -1.48, -0.66                                           -0.09   -0.35, 0.16   -1.14   -1.57, -0.71   0.00    -0.27, 0.27
   *P*~trend~                                                                                                            \<0.001                                                        0.24                  \<0.001                0.46
  EPA+DHA                                                                                                                                                                                                                            
   Quartile 1 (0.80-3.29) [f](#TFN10){ref-type="table-fn"}    29.07                                                      28.27, 29.86                                           0.56    0.06, 1.08    28.84   27.90, 29.77   0.22    -0.36, 0.80
                                                                                                                                                                                                                                     
   Quartile 2 (3.29-4.28)                                     0.25                                                       -0.11, 0.60                                            0.04    -0.18, 0.26   0.18    -0.19, 0.54    0.04    -0.18, 0.26
   Quartile 3 (4.28-5.66)                                     -0.11                                                      -0.50, 0.27                                            0.05    -0.19, 0.28   -0.21   -0.60, 0.18    0.07    -0.17, 0.31
   Quartile 4 (5.66-22.10)                                    -0.84                                                      -1.25, -0.42                                           -0.09   -0.35, 0.16   -0.90   -1.33, -0.46   0.01    -0.26, 0.28
   *P*~trend~                                                                                                            \<0.001                                                        0.60                  \<0.001                0.92
  Alpha linolenic acid (ALA)                                                                                                                                                                                                         
   Quartile 1 (0.03-0.12) [f](#TFN10){ref-type="table-fn"}    29.81                                                      29.01, 30.60                                           0.42    -0.08, 0.91   29.06   28.16, 29.96   0.11    -0.45, 0.67
                                                                                                                                                                                                                                     
   Quartile 2 (0.12-0.16)                                     -0.22                                                      -0.57, 0.13                                            0.05    -0.17, 0.27   -0.25   -0.60, 0.10    0.05    -0.17, 0.27
   Quartile 3 (0.16-0.20)                                     -0.72                                                      -1.07, -0.38                                           0.24    0.02, 0.45    -0.75   -1.10, -0.40   0.23    0.01, 0.44
   Quartile 4 (0.20-2.54)                                     -1.45                                                      -1.81, -1.10                                           0.14    -0.09, 0.36   -1.47   -1.82, -1.11   0.12    -0.10, 0.34
   *P*~trend~                                                                                                            \<0.001                                                        0.15                  \<0.001                0.19
  **Total n-6**[g](#TFN11){ref-type="table-fn"}                                                                                                                                                                                      
   Quartile 1 (9.86-33.76) [f](#TFN10){ref-type="table-fn"}   28.44                                                      27.59, 29.29                                           0.24    -0.29, 0.76   29.07   28.14, 30.01   0.22    -0.36, 0.80
                                                                                                                                                                                                                                     
   Quartile 2 (33.76-35.81)                                   0.50                                                       0.15, 0.86                                             0.20    -0.02, 0.42   0.37    0.01, 0.72     0.18    -0.04, 0.40
   Quartile 3 (35.82-37.70)                                   0.58                                                       0.22, 0.94                                             0.15    -0.08, 0.37   0.33    -0.05, 0.70    0.13    -0.11, 0.36
   Quartile 4 (37.70-52.76)                                   0.42                                                       0.03, 0.82                                             0.35    0.11, 0.59    0.03    -0.38, 0.45    0.32    0.07, 0.58
   *P*~trend~                                                                                                            0.008                                                          0.038                 0.073                  0.085
  Linoleic acid                                                                                                                                                                                                                      
   Quartile 1 (5.66-17.97) [f](#TFN10){ref-type="table-fn"}   29.48                                                      28.66, 30.30                                           0.49    -0.02, 0.99   29.95   29.06, 30.84   0.47    -0.08, 1.03
                                                                                                                                                                                                                                     
   Quartile 2 (17.97-20.05)                                   -0.05                                                      -0.40, 0.31                                            0.03    -0.19, 0.25   -0.14   -0.49, 0.21    0.02    -0.20, 0.23
   Quartile 3 (20.05-22.27)                                   -0.29                                                      -0.65, 0.07                                            0.04    -0.18, 0.27   -0.45   -0.82, -0.09   0.02    -0.20, 0.25
   Quartile 4 (22.28-36.13)                                   -0.83                                                      -1.21, -0.44                                           0.09    -0.15, 0.33   -1.10   -1.50, -0.71   0.07    -0.18, 0.31
   *P*~trend~                                                                                                            \<0.001                                                        0.91                  \<0.001                0.95
  Arachidonic acid                                                                                                                                                                                                                   
   Quartile 1 (1.12-9.87) [f](#TFN10){ref-type="table-fn"}    28.70                                                      27.89, 29.52                                           0.48    -0.02, 0.98   28.96   28.08, 29.83   0.47    -0.07, 1.02
                                                                                                                                                                                                                                     
   Quartile 2 (9.87-11.57)                                    0.09                                                       -0.26, 0.44                                            0.06    -0.16, 0.27   0.10    -0.25, 0.46    0.05    -0.17, 0.27
   Quartile 3 (11.57-13.36)                                   0.46                                                       0.10, 0.82                                             0.02    -0.20, 0.24   0.47    0.11, 0.83     0.00    -0.22, 0.22
   Quartile 4 (13.36-22.17)                                   0.34                                                       -0.04, 0.72                                            0.11    -0.12, 0.34   0.31    -0.08, 0.70    0.09    -0.16, 0.33
   *P*~trend~                                                                                                            0.048                                                          0.79                  0.056                  0.86
  ***Trans*-fatty acids**                                                                                                                                                                                                            
   Quartile 1 (0.22-1.18) [f](#TFN10){ref-type="table-fn"}    28.74                                                      27.95, 29.53                                           0.53    0.04, 1.02    29.07   28.14, 30.01   0.22    -0.36, 0.80
                                                                                                                                                                                                                                     
   Quartile 2 (1.18-1.63)                                     0.46                                                       0.08, 0.83                                             -0.02   -0.25, 0.21   0.36    -0.02, 0.74    -0.03   -0.26, 0.20
   Quartile 3 (1.63-2.15)                                     0.56                                                       0.17, 0.95                                             0.07    -0.17, 0.31   0.39    0.00, 0.78     0.05    -0.19, 0.29
   Quartile 4 (2.15-6.50)                                     0.01                                                       -0.39, 0.41                                            0.08    -0.17, 0.32   -0.23   -0.64, 0.18    0.07    -0.18, 0.32
   *P*~trend~                                                                                                            0.001                                                          0.81                  0.001                  0.84

Abbreviations: ALA = alpha-linolenic acid BMI = body mass index (kg/m^2^), CI = confidence interval, DHA = docosahexaenoic acid, EPA = eicosapentaenoic acid, HEI = Healthy Eating Index, MESA = Multi-Ethnic Study of Atherosclerosis

Partially-adjusted models include observations from 6 243 participants and control for plasma phospholipid fatty acids batch indicator, baseline age, baseline age squared, sex, race/ethnicity, MESA study site, education, smoking status, HEI, and physical activity.

Fully-adjusted models include observations from 6 243 participants and add adjustment for total n-3 (for total n-6, linoleic, arachidonic and *trans* fatty acids), total n-6 (for total n-3, EPA+DHA, ALA, and *trans* fatty acids) and *trans* fatty acids (for total n-3, EPA+DHA, ALA, total n-6, linoleic, and arachidonic fatty acids) to the partially-adjusted models.

Fatty acid values are expressed as the percent of total plasma phospholipid fatty acids. Numbers presented in parentheses represent the range for each quartile.

BMI change models include interactions between each model covariate and time since baseline exam.

Total n-3 fatty acids include EPA, DHA, docosapentaenoic, and ALA fatty acids.

Values shown in the Quartile 1 rows represent the model intercept for baseline BMI models and the estimated 10-year change in BMI among participants with fatty acid values in lowest quintile for the BMI change models, all evaluated at the mean levels of continuous covariates and the first category in [Table 1](#T1){ref-type="table"} for all categorical covariates. Thus the Q1 reference values are the reference against which Q2-Q4 difference or change values are compared. For example, for total n-3 partially adjusted models, the absolute baseline BMI value in Q2 is estimated to be 29.30 -0.12 = 29.18 and the corresponding absolute 10-year BMI change is 0.55 + 0.02 = 0.57.

Total n-6 fatty acids include linoleic, gamma-linolenic, dihomo gamma-linolenic and arachidonic fatty acids.
